Abstract. The total density profiles of elliptical galaxies can be fit by a single power law, i.e., ρtot ∝ r γ with γ ≈ −2. While strong lensing observations show a tendency for the slopes to become flatter with increasing redshift, simulations indicate an opposite trend. To understand this discrepancy, we study a set of simulated spheroids formed within the cosmological framework. From our simulations we find that the steepness of the total density slope correlates with the compactness of the stellar component within the half-mass radius, and that spheroidal galaxies tend to be more compact at high redshifts than their present-day counterparts. While both these results are in agreement with observations, the observed trend of the total density slope with redshift remains in contradiction to the results from simulations.
Introduction
At low redshifts, elliptical galaxies are known to consist mostly of an (old) spheroidal stellar component embedded in a dark matter halo. The transition zone, where the dark matter starts to dominate over the stellar component, provides information about the galaxies' formation history; observationally, however, the kinematics in this area are difficult to trace. For spiral galaxies it is long known from observations that the rotation curves are flat out to large radii (Einasto et al. 1974 , Faber & Gallagher 1979 , which is called the dark-halo-disk conspiracy, and detailed dynamical modeling (e.g., Gerhard et al. 2001 ) has demonstrated more recently that between the dark halo and the spheroid of massive, slow rotating elliptical galaxies a similar conspiracy might exist. This conspiracy for spheroidal galaxies has been studied from simulations in detail by Remus et al. (2013) (hereafter R13) for a sample of ellipticals from binary mergers and cosmological zoom-in simulations. They find that the total density and velocity dispersion profiles of spheroidal galaxies can be described by single power laws, with slopes of γ ≈ −2 for the density and γ ≈ 0 for the velocity dispersion. They also report a strong trend towards steeper slopes with redshift.
One important observational method for studying the total density profiles of elliptical galaxies is strong lensing: For low redshift ellipticals, the SLACS survey finds that the total density profiles can be described by a power law with a slope of γ ≈ −2 (Auger et al. 2010 , Barnabè et al. 2011 , with the steepness of the slope correlating with the central density of the stellar component and the effective radius, which agrees well with the result from R13. However, for higher redshifts up to z ≈ 1, strong lensing studies report a slight trend towards flatter slopes (Treu & Koopmans 2004 , Ruff et al. 2011 , Bolton et al. 2012 , Sonnenfeld et al. 2013 ) in contradiction to the trends found by R13. We present a brief preview of a more detailed study on the evolution of the dark-halo-spheroid conspiracy with redshift and its implications for the formation of elliptical galaxies (Remus et al., in prep.), using spheroidals selected from a full hydrodynamic cosmological box with high resolution called Magneticum Pathfinder (Dolag et al., in prep.) .
The Magneticum Pathfinder Simulations
The Magneticum Pathfinder simulations* (Dolag et al., in prep.) are a set of hydrodynamical cosmological boxes with different resolutions (m Gas = 2.6 · 10 9 M ⊙ /h up to m Gas = 3.9 · 10 5 M ⊙ /h) and volumes covering (896 Mpc/h) 3 to (18 Mpc/h) 3 , performed with a modified version of GADGET (Springel 2005) . They include state-ofthe-art physics, especially black hole feedback, and improvements for smooth particle hydrodynamics (for detailed descriptions see Hirschmann et al. 2014, Dolag et al. 2005, Dolag et al., in prep., and Beck et al., in prep.) . We adopt a ΛCDM cosmology according to WMAP7 (Komatsu et al. 2011 ) with h = 0.704, Ω m = 0.272 and Λ = 0.728, and use SUBFIND (Springel et al. 2001 , Dolag et al. 2009 ) to identify and extract structures.
We use the largest Magneticum box with enough resolution to study the dynamics of spheroidal galaxies in detail. It has a box length of 48 Mpc/h and a resolution of m DM = 3.6 · 10 7 M ⊙ /h, m Gas ≈ 7.3 · 10 6 M ⊙ /h, and slightly smaller stellar mass, with (2 · 576) 3 particles and a softening length of ǫ DM,Gas = 1.4 kpc/h for dark matter and gas and ǫ * = 0.7 kpc/h for stars. This simulation successfully reproduces populations of disk as well as spheroidal galaxies. To ensure sufficient resolution, we exclude galaxies with stellar masses less than M * = 1 · 10 11 M ⊙ . We use a procedure similar to Scannapieco et al. (2008) to select spheroidals without cold gas disks from the sample of galaxies (see Remus et al. (2014) for more details). A more advanced study including spheroidals with small gas disks and S0-galaxies is in preparation (Remus et al.) .
The Dark Halo -Spheroid Conspiracy with Redshift
The total density and velocity dispersion profiles of spheroidal galaxies can be fit by single power laws within a range of 0.3R 1/2 to 4R 1/2 , as shown by R13 for a set of cosmological zoom-in simulations and isolated binary mergers. The inner parts of the total profiles are dominated by the stellar component, while in the outer parts the dark matter contributes most to the profiles. We find the same behaviour for the Magneticum spheroidals, as demonstrated in the left and central panel of Fig. 1 for an example spheroidal. The slopes of the power-law fits,
are shown in the right panel of Fig. 1 . We find that the slopes do not follow the solution of the Jeans Equation for an isotropic sphere (or a sphere with constant anisotropy) in hydrostatic equilibrium assuming a single power-law solution for both density and velocity dispersion, but show constant values for β, while γ covers the whole range between −3 and −1.5. This is in agreement with the results from R13, who showed that β is constant independent of the spheroidals' mass, size, in-situ or central dark matter fraction, while the steepness of the total density profiles correlates with the amount of stars formed in-situ and anticorrelates with the dark matter fraction. However, while R13 found a steepening of γ with redshift, observations appear to indicate a different behaviour. The left panel of Fig. 2 shows γ for the Magneticum spheroidals for different redshifts, together with the observed trends and the results from R13. While the steepening of γ with redshift is not as strong as for the galaxies in R13, we still find the tendency towards steeper slopes for higher redshifts, in contradiction to observations. The difference between the two simulated samples of galaxies is partly due to the improvements to SPH and the additional physics included in the Magneticum simulations, which cause the galaxies to be more realistic (see, for example, the masssize relation shown by Remus et al. 2014) , but primarily an effect of the mass selection criterion applied to the Magneticum samples: while R13 followed a set of 20 galaxies back in time, the Magneticum sample includes spheroidals above M * = 1 · 10 11 M ⊙ independent of their progenitors and thus includes more massive systems at high redshifts than the sample studied by R13. The right panel of Fig. 2 shows the dependence of γ 4 R.-S. Remus et al. on the stellar mass density Σ * = M * /2πR 2 1/2 , following Sonnenfeld et al. (2013) . Our Magneticum spheroidals are in very good agreement with the observations, with a clear trend towards steeper slopes for more compact spheroids. Since spheroidals at higher redshifts are generally more compact than their present day counterparts in mass (e.g., van de Sande et al. 2013) , this supports the idea that the total density slopes γ should be generally steeper with redshift. Therefore, we conclude that it is crucial to understand the origin of the differences between the observed and simulated trends of the total density slope with redshift. A detailed study on this subject will be presented in a forthcoming paper by Remus et al. (in prep.) .
Conclusions
The total combined density profiles of Magneticum spheroidal galaxies can be fit by a single power law with a slope of on average γ ≈ −2, with a tendency towards steeper slopes for more compact ellipticals. At higher redshifts, the density slopes of our spheroidals are generally steeper, in agreement with results presented in R13. While observations agree with the simulations, that spheroidal galaxies tend to be more compact at high redshifts than their present-day counterparts, the observed flattening of the total density slope with redshift contradicts the results from both the simulations presented in R13 and the Magneticum spheroidals presented in this work. The origin of this different behaviour will be discussed in a forthcoming paper by Remus et al. (in prep.) . In addition, we showed that the slope of the total velocity dispersion is constant independent of the stellar mass density and the total density slopes, in agreement with simulations by R13. This behaviour is still an unsolved problem, and will be subject to further investigations.
